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Occupational exposure and 12-year spirometric
changes among Paris area workers
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ABSTRACT A follow-up study over 12 years was conducted among 556 men aged 30 to 54 in 1960
and working at that time in factories around Paris (France). Various occupational exposures were
recorded at the time of the 1960 survey after a technical study of each workplace. The annual rate
of decline of FEV, during 12 years was estimated for each subject from the measurements in
1960 and 1972. This rate (the FEV, slope) was related independently of FEV, level (which
reflects the loss since the beginning of adult life) and of smoking habits to occupational exposure
to dust, gases, and heat. FEV, slope was significantly related to inhalation of mineral dust (even
in the absence of silica) as well as to grain dust, and the slope was steeper with increased intensity
of exposure to dust. Analysis of job changes showed that among heavily exposed subjects, those
who changed jobs had a less steep slope than those who did not. Our results support the
hypothesis of a causal role of exposure to dust in the development of chronic airflow obstruction
and of a benefit when exposure to dust ceases. Exposure to dust, gas, and heat usually occurred
together so data on gas and heat were analysed after taking account of exposure to dust. The
influence of heat on FEV, decline showed a clear trend. Results suggest that exposure to gases
associated with exposure to dust or heat or both had a deleterious effect. After adjusting for age,
smoking, and FEV, level (ASLA) the following average slopes were obtained: 44 ml/a (for
exposure to none or to only a slight amount of dust, or to gases alone), 51 mlia (heat), 53 ml/a
(noticeable dust), 55 ml/a (noticeable dust and heat), 60 ml/a (noticeable dust, heat, and high
concentration of gases). Independently of the occupational exposures, ASLA FEV, slopes among
manual workers were related to skill, being 44 mlIa for skilled and 51 mlIa for unskilled men.
Independently of social class and occupational exposures recorded, there were differences in
FEV, slopes by factory, suggesting that one should not rely on using one factory as the control for
studies of occupational exposure to another.

Tobacco is at present the only respiratory irritant
whose causal role in the development of chronic
airflow obstruction (CAO) is unquestioned. This is
not the case for occupational irritants, studied prin-
cipally in cross-sectional surveys conducted among
people at work and therefore likely to have been
selected.'

In a follow-up study we have shown that the
annual decline of forced expiratory volume in one
second (FEV,) was related, independently of smok-
ing, to low occupational status and to occupational
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exposure.2 About 30 different hazards were
recorded, but that analysis was based only on the
presence or absence of occupational exposure,
regardless of its nature. The purpose of the present
work is to determine to which of these 30 specific
exposures FEV, slope was related and to what
extent this relationship was causal.

Material and methods

The detailed study protocol has been published
elsewhere.2 In a first survey conducted in 196013
men aged 30 to 54 working in 11 factories (metal-
lurgy, chemistry, printing, and flour-milling) in the
Paris area were interviewed about their symptoms,
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smoking habits, and occupational history. Con-
comitantly, a technical study by engineers and indus-
trial physicians allowed the assessment of the risks
of each work place. "Physical" risks, such as heat or
work out of doors, and "chemical" risks were consi-
dered: the list of chemical hazards, established
before this survey, included various dusts (mineral,
plant dust, etc) and various gases (acids etc). The
level of exposure was recorded at four levels for
dusts (slight, noticeable-degrees 1, 2, and 3) and
two levels for gases (low or high: high was defined as
exposure without protection for more than one hour
a week). Each subject was assigned to one of four
socio-occupational classes-managers, clerks, skil-
led, and unskilled manual workers.

In a second survey, conducted in 1972-3, the
same men were interviewed with the BMRC/ECSC
(British Medical Research Council/European Coal
and Steel Community) questionnaire about their
symptoms, smoking habits, and job changes. With
respect to job changes three groups were defined:
men with no change in workplace during the 12
years or until their retirement at 65, men who
changed workplace, occupation, or company before
age 65 for other than medical reasons, and, finally,
those who changed jobs or stopped working perma-
nently for medical reasons. No data about exposure
were recorded in the second survey.

In both surveys spirographic measurements were
performed with a water spirograph. The maximum
values of vital capacity and FEV, were used for
analysis. The quality of the tracings was recorded.
The population of the study was defined as fol-

lows: men born in France or abroad (except in
North Africa, because of a high lapse rate) who, in
1960, produced good tracings with no history of
asthma. Among the 1002 men fulfilling these
criteria, 107 had died during the 12-year interim
and 780 (87%) of the men not known to be dead,
were re-examined. The refusal rate varied
significantly among factories (from 2% to 17%) but
was not related to exposure to any particular hazard
or to socio-occupational class. Among these 780
men, only 556 (of whom 10% were not still work-
ing, half for medical reasons) produced in 1972 a
good tracing.4 The results presented here concern
these men. The men with bad tracings in 1972 had
exposure similar to those with good ones.
For each man, FEV1 slopes (and VC and FEV,/

VC slopes) was estimated by the formula

FEV1 slope (mi/year) =

12 (FEV, in 1960-FEV, in 1972)
months between 2 surveys

To avoid the interference of regression toward the

mean, FEV, and VC levels (divided by the cube of
height) and FEV,/VC level during the study were
estimated by the average of the initial and final val-
ues, not by the initial one.
The 23 hazards to which at least five men were

exposed were analysed.
The relationship between the variables was evalu-

ated by X2 for qualitative variable and by the analysis
of variance and covariance, and multiple regression
for the quantitative variables.

Results

FACTORIES AND HAZARDS
Table 1 gives for each of the 11 factories the means
of age, FEV, in 1960, FEV,/H3 level during the
period and FEV, slopes crude and adjusted for age,
1960 smoking habits, and FEV,/H3 level (age, smok-
ing, level adjusted). Whereas FEVI level did not
vary significantly from one factory to another, the
difference in slopes was significant from one factory
to another at the 0*001 level. In the 11 factories
10% of the subjects were exposed to silica and 68%
to at least one potentially hazardous factor (the per-
centage varied from 49% to 81%).

Table 2 compares the non-exposed men to those
exposed to the various hazards for age, FEV, level
and FEV, slope. The percentage of men exposed to
at least one hazard was 58% of non-smokers, 73%
of ex-smokers, 65% of moderate smokers (<15 g/
day), and 74% of heavy smokers (p=0-07). Because
of this trend and though no hazard, considered sepa-
rately, was significantly related to tobacco consump-
tion in 1960, adjustment for 1960 smoking habits
are also shown in the ASLA slopes. The only
significant differences in FEV, levels were for abra-
sives and coal; for silica, the difference was border-
line (p=0.08). Men exposed to maize powder had a
higher level but the difference was completely
explained by difference in age. By contrast, FEV,
slope was more strongly related to occupational
exposure, since men exposed to mineral dust, plant
dust, gases, or heat had significantly steeper slopes
than the non-exposed (52 ml/a, 57 mi/a, 47 ml/a,
and 55 ml/a respectively against 40 ml/a).
More precisely, the data show that:
(a) among mineral dusts, exposure to silica, abra-

sives (possibly including silica), coal, and iron was
associated with significantly steeper slopes before
and after adjustment (except for abrasives, which
were of borderline significance);

(b) among plant dusts, slopes were particularly
steep for men exposed to grain dust;

(c) among gases, vapours, and aerosols, exposure
to non-halogenated hydrocarbons and oil of turpen-
tine was significantly related to FEV, slope; for nit-
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Table 1 Age, ventilatory function, occupatonal exposure, and socio-occupational class according to industrial sector and
factory

Industrial Factory product
Sector

No Age in FEV FEV IH' FEV ASLAt Occupational exposure Socio-
1960 196d (cl/mn) slope FEV occupatonal

(1) (ml/a) slope Total Dust Silica Gas class unskilled
(ml/a) (%o) (No) (%) (%) (%)

Total 556 41±7 3-6±0.6 69±11 47±33 47±32 68 49 10 46 41

Mechanical engineering:
r cables 88 42 3-6 69 49 50 49 33 0 26 26

Metallurgy Mechanical engineering 21 37 4-0 76 38 44 67 57 14 43 48Mechanical engineering 42 40 3-6 70 39 40 29 14 0 21 29
Steam boilers-baths 48 41 3-5 66 54 52 81 81 79 60 46
Cast-iron magnesium 29 40 3-5 68 46 45 72 69 48 45 38

r Pneumatics 133 41 3-6 69 48 48 78 76 0 49 70
Chemistry Products for paints,

varnishes, plastics 35 38 3-6 70 40 41 71 29 0 71 29
Printing Helio-typo--offset 53 39 3-6 70 30 31 66 17 0 58 21

Helio-typo offset 61 40 3-6 68 49 49 80 34 0 80 16
Flour-milling {Flour-pasta 26 43 3.7 69 63 65 81 77 0 4 60

Flour 20 43 3 5 67 60 58 80 80 0 0 47

Significance *

*p.-0.05 ***p-c0001.
tAge, 1960 smoking habits (non-smokers: 0, ex-smokers: 1, smokers S 15 g/day: 2, heavy smokers: 3) and FEV,/H3 level adjusted.
Regressions used were established on the whole population (556 men).

Table 2 Age, ventilatory function according to occupational exposure

Occupational exposure No Age FEV IH3 FEV slope ASLAt
(cl/ms) (mila) FEV, slope

(mila)

None 177 41 69 40 42
At least one hazard 379 41 69 50** 50**

Dust 273 40 69 51*** 51
Mineral dust 178 41 69 52*** 52**

Silica 55 41 66. 59*** 57**
Abrasives (based on silica, corundum) 11 39 62** 62* 58.
Coal 27 41 65* 63*** 60*
Iron (cast-iron, steels, alloys) 34 40 68 64*** 63***
Other metals 32 39 70 42 43
Other mineral dusts 91 41 70 52** 53**

Plant dust 58 41 71 57*** 58***
Grain dust 36 43. 68 66*** 65***
Maize powder 20 36** 75* 43 47

Others: "house dust" 45 40 68 46 45

Gases 254 40 69 47* 47*
No protection - 1 hour/week 90 40 69 47. 47
Acids 52 39 69 43 44
Nitrogen compounds including nitric acid 20 40 66 52. 50
Chlorine compounds including hydrochloric acid 13 40 70 39 38
Sulphur compounds including sulphuric acid and sulphur
dioxide 24 42 70 45 47
Alkalines 17 38 72 37 40
Ammonia 24 39 67 48 46
Gum arabic 38 42 69 40 40
Alcohols, esters, ketones (and complex solvents) 65 41 69 42 42
Non-halogenated hydrocarbons (including tars) 120 40 69 49* 49*
Halogenated hydrocarbons (including trichlorethylene) 40 37** 73 39 42
Oil of turpentine (and resins, varnishes, paints based on . .) 47 40 67 56*** 56**
Plasticisers, phenol, formol (and artificial glues, plastics,
synthetic rubber) 28 38* 73 42 44

Work out of doors 12 41 73 39 39
Heat 79 40 69 55*** 55***

.p -- 0-10, *p -_ 0-05, **p -- 0-01, ***p -_ 0-001.
Each hazard v no hazard.
tSee footnote table 1.
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rogen compounds the relationship was of borderline
significance.
There was no evidence of interaction between

tobacco and the various risks.

DETAILED STUDY OF THE THREE RISKS: DUST,
GASES, HEAT
The results just given concern hazards considered
separately without taking into account possible
simultaneous exposures. In fact, as shown in table 3,
exposures to dust, gas, and heat were highly related.
Sixty three per cent of the men exposed to gases
and 91% of those exposed to heat were also
exposed to dust. Each of the three risks was
related to the others two by two after
adjustment on the third; some combinations
appeared to be rare.

Table 3
ofmen)

Combined exposures to dust, gases, heat (number

No Dust Noticeable
slight

No heat
r None 186 9 96

Gas Low 34 56 24
High 56 14 2

Heat
r None 3 2 6

Gas Low 4 6 40
High 0 3 15

Dust
The harmfulness of silica is well known and was
confirmed here. The men exposed to mineral dust
were reanalysed after excluding those exposed to
silica or abrasives. No subject was exposed to
coal dust, and only six were exposed to iron
dust; the mean FEVI slope of the latter was 47 ml/a,
not significantly different from that of the non-
exposed men, presumably because of the small
number of men considered. For men exposed to
"other mineral dust," the difference was still

significant. Unfortunately, it was not possible to
subdivide this heterogeneous group further
because more precise data were not recorded.
The 28 men exposed to grain dust, but not to

mineral dust, had on average a steeper slope than
the non-exposed men.

All the differences persisted after exclusion of
men exposed to gases.
The relationship of level of dust exposure to FEV,

slope was highly significant (table 4). ASLA slopes
were 41 ml/a for non-exposed, 47 ml/a for men

exposed to a slight amount of dust, and respectively
52 ml/a, 51 ml/a, and 61 mlI/a for men exposed to a

noticeable amount degree 1, 2, and 3. A similar gra-

dation was found for VC slope. Excluding men
exposed to silica and abrasives did not modify these
results, although only two men were left in the most
exposed group. The last column of the table presents
the more homogeneous group of men who were at
the work place for the two surveys: ASLA slopes
were 39 ml/a, 44 ml/a, 58 ml/a, and 52 mI/a (there
were no subjects in the heaviest exposure group).
These results show that the clearly noxious role of
dust appeared when exposure was noticeable.

Table 5 shows that men noticeably exposed
decreased or ceased smoking more often than the
other men. As the FEV, slope is less steep for men
who have decreased their consumption, the relation-
ship between dust exposure and FEV, slope could
not but be stronger when taking into account
changes in smoking habits.
The fact that exposure to dust other than silica

was related only to FEV, slope but not to FEV,
level, which reflects decline before the first survey,
appears curious. A possible explanation is that the
exposed men were not comparable with the non-

exposed at the beginning of their adult life. Figure 1

represents, for the men with no job changes, the
evolution of FEV, between the two surveys accord-

Table 4 Spirometric changes according to the level ofdust exposure

Occupational All men Excluding men exposed Same work place in 1972
exposure to silica or abrasives excluding men exposed to

silica or abrasives

No FEVy slope ASLA t VC slope ASLA t No FEV slope ASLA t No FEV slope ASLA t
(ml/a) FEV slope (ml/a) VC slope (ml/a) FEV slope (mi/a) FEV slope

(mtia) (mlla) (mi/a) (mi/a)
None 177 40 41 38 39 177 40 42 92 38 39
Slight dust 90 47 47 38 40 84 46 47 46 43 44
Noticeable dust

degree 1 78 53 52 41 40 53 53 54 26 60 58
Noticeable dust

degree 2 82 51 51 43 43 74 49 50 32 53 52
Noticeable dust

degree 3 23 60 61 58 60 2 67 71 0 - -
Significance ** * * * * * ** **

op S 0-10, *p S 0-05, **p 0.01, ***p S 0-001.
tSee footnote table 1.
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Table 5 Decrease in tobacco consumption and job changes between 1960 and 1972 according to occupational
exposure in 1960 (manual workers only)

Occupational exposure in 1960 No Ex-smokers Quit or Job changes 1960-72 [1] or [21 or
in 1960 (o) decrease [3] (%o)

smoking Respiratory Medical Other
60-72 (%o) illnesses (%o) reasons (all) reasons (%o)
(1] (%o) [2] [3]

All 456 12 17 2 11 41 59
None 98 9 13 2 7 39 52
Slight dust 81 15 11 1 6 39 51
Noticeable dust degree 1 72 8 18 0 18 34 61
Noticeable dust degree 2 81 10 12 3 10 48 62
Noticeable dust degree 3 23 30 26 9 22 48 74
Other hazard 101 11 26 2 11 41 63
Significance **

op S 0*10, *p < 0-05.

ing to age in 1960 and the level of dust exposure 39\
(none or slight against noticeable): at 35, FEVI was 3 \ 30-39rs
clearly higher among exposed men but with age 37\
FEV, declines more quickly. A phenomenon of 3.6 (66)\.\
selection or self-selection is evident, with the sub- 35

4

jects in better health working or perhaps remaining 3-4\ 1960
at the more exposed jobs. Clearly this phenomenon 3.3 K
increased with age-men still working at 52 years, 32 (17)
especially at exposed places, were selected subjects 31 in 160
of their age group. .\

In summary (1) men exposed to dust, even with- 29
out exposure to silica, had steeper slopes than the 28
non-exposed independently of tobacco consump- 2 N.,

tion, (2) this decline increased with the level of 272(
exposure, and (3) whereas young exposed men had 2 (13)
higher FEVIs than the non-exposed, the older men 25 -Noticeable exposure to dust

had lower FEV1s. These results support the causal -.-None or slight exposure to dust
role of exposure to dust in chronic airflow obstruc-
tion.

35 40 45 50 55 60 65
Age (years )

Gases, vapours, aerosols
Table 6 shows that men exposed to gas do not have Fig 1 FEV, in 1960 and 12 years later according to
steeper slopes than those not exposed, looking sepa- occupational exposure to dust and age (196 men not
rately at the men not exposed and exposed to exposed to silica or abrasives at the same workplace in 1960
noticeable dust. Considering the men exposed to a and 1972).
Table 6 Spirometric changes according to gas and exposure (all men)

Noticeable dust

No Yes

No FEV slope ASLAt No FEV, slope ASLAt
(mi/a) FEVI slope (mi/a) FEV, slope

(mila) (mi/a)

, No 199 43 44 102 52 53Gas I{Yes 173 44 45 81 54 53
Significance
Gas No 299 44 44 166 52 52
(high) LYes 73 43 43 17 60 60
SignificanceSigniiane No 354 43 44 122 51 51
Heat {Yes 18 49 50 61 56 56
Significance

tSee footnote table 1.
None of the differences between pairs was significant at the 10% level.

225



Kauffinann, Drouet, Lellouch, Brille

Table 7 Spirometric changes according to gas and heat exposure (excluding men who quit or decreased smoking
1960-72)

Noticeable dust

No Yes

No FEV slope ASLAt No FEV, slope ASLAt
(ml/a) FEV, slope (mi/a) FEV slope

(mila) (Mlla)

Gs {No 174 43 45 85 51 53Gas LYes 139 43 45 68 53 53
Significance
Gas No 257 44 46 139 51 51
(high) lYes 56 41 42 14 65 67
Significance 0

Heat No 297 43 44 101 53 51
Heat LYes 17 53 55 52 57 58

Significance

op = 0-09.
tSee footnote table 1.

high level of gas, a trend appeared in the subgroup
of men exposed to dust (ASLA FEVJ slopes were 61
mi/a for the exposed v 52 mi/a for the non-exposed).
Excluding then men who quit or decreased smoking
in the 1960-72 period (table 7), the FEV, slope of
men exposed to dust and a high level of gas
decreased by 16 ml/a more than that of those
exposed only to dust (ASLA FEV, slopes were 67
mi/a v 51 mi/a; p=0.09). The significance was only
of borderline significance but one group was small.

In summary, a difference between men exposed
and not exposed to gases appeared to show up (1)
when the level of exposure was high and (2) only in
the presence of simultaneous exposure to noticeable
dust.

Heat
The same analysis showed that men exposed to heat,
whatever their exposure to dust, had higher ASLA
FEV1 slopes than men not exposed to heat (tables 6
and 7). Excluding men who quit or decreased smok-
ing, FEV, slopes adjusted for age, smoking, level of
and exposure to dust were 49 mi/a for the men not
exposed and 57 mi/a for those exposed to heat
(p=006).
Almost all men exposed simultaneously to notice-

able dust and a high concentration of gases were also
exposed to heat: it was, therefore, not possible to
determine if it was dust or heat or both that was the
factor added to gas to give it a deleterious effect.
From all these results, a variable "exposure

synthesis" was defined as follows: no exposure or
exposure only to a slight amount of dust or only to
gases (0), exposed to noticeable dust (D), exposed
to heat (H), exposed to noticeable dust and heat
(DH), and exposed to noticeable dust, high concen-

tration_of gas, and heat (DGH). Five men only were
exposed to another combination of risks-that is,

high level of gas associated to either heat or notice-
able dust and were excluded. ASLA FEV1 slopes
were respectively 44 mi/a, 51 mi/a, 53 mi/a, 55 mi/a,
and 60 mi/a in the whole population (p=0.02).
Excluding men who quit or decreased smoking,
ASIA FEV, slopes were 44 mi/a, 50 mi/a, 59 mi/a,
5-6 m/a, and 67 mi/a (p=0-02).

SOCIO-OCCUPATIONAL CLASS
Taking simultaneoulsy into account socio-
occupational class and occupational exposure was
possible only for manual workers because of the
small number of exposed managers and clerks.
Unskilled workers were not exposed more often
than skilled manual workers (79% v 77%) but they
were significantly more often exposed to the hazards
shown to be the most noxious. Whereas the percen-
tage of unskilled manual workers was 49% in the
whole sample, it was according to the exposure
synthesis 38% (0), 57% (D), 86% (H), 75% (DH),
and 60% (DGH) (p<0.001). Exposure to heat was
three times more frequent for unskilled than for skil-
led manual workers. Figure 2 presents the ASLA
FEVI slopes according to qualification for each
exposure class. The exposure synthesis adjusted val-
ues were 51 mi/a for unskilled and 44 mi/a for skil-
led (p=0-03). After adjustment for socio-
occupational class, the ASLA slopes became by
exposure synthesis 44 mi/a (0), 49 mi/a (D), 67 mi/a
(H), 54 mi/a (DH), and 60 mi/a (DGH) (p=0-17).
Excluding men who quit or decreased smoking, the
slopes became respectively 51 mi/a v 45 mi/a by
qualification after adjustment for exposure
(p= 0-05) and 45 mi/a (O), 48 mi/a (D), 70 mi/a (H),
54 mi/a (DH), and 66 mi/a (DGH) by exposure after
adjustment for qualification (p=0.10). This differ-
ence is just of borderline significance, but several
classes contained very few men.
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Fig 2 Age, smoking habits, and level adjusted (ASLA)
FEV, slope according to occupational exposure and
occupational qualification (manual workers). 0: No
exposure or only to a slight amount ofdust or only to gases.
D: Noticeable dust. H: Heat. G: High concentration of
gases. Number ofmen is figured under each bar.

FACTORY
Large differences in FEV1 slope were observed be-
tween factories (table 1). Since the exposure synth-
esis and socio-occupational classes were significantly
different among the factories, an analysis was made
to see if these differences could explain the differ-
ences in the slopes. Table 8 presents the percentage
of the variance in FEV, slope explained in a model
where the various factors were introduced in succes-
sion from better to less well known: FEV1 level and
smoking explained 7-8% of the variance; introduc-
ing silica, exposure synthesis and socio-occupational
class explained 100% of the variance. Finally,

Table 8 Factors related to FEV, slope

Successive factors introduced Cumulative Significance
in model % variance

explained

FEV2/HI (cl/m3) 6-3 * * *
Tobacco consumption in 1960
(0: NS; 1: exS; 2: MS; 3: HS) 7-8 **
Silica (O: no; 1: yes) 8-5 *
Exposure synthesis (0: 0; 1: D;
2: H; 3: DH; 4: DGH) 93 *
Socio-occupational class
(1 managers; 2 skilled manual
workers; 3 clerks; 4 unskilled
manual workers) 100 *
Factory (qualitative variable with
11 classes) 12-9

0: No exposure or only to a slight amount of dust or only to gases.
D: Noticeable dust.
H: Heat.
G: High concentration of gases.
*p s0-05, **p - 0-01, ***p S 0-001.

introducing the variable "factory" explained 2*9%
more (p<0-001). Therefore, the factor factory was
significantly related to FEV1 slope independently of
socio-occupational class and occupational exposure.

CHANGE OF WORK
Since the reasons for job changes differ in manual
and non-manual workers, only the former were con-
sidered in this section. Table 9 presents spirographic
measurements according to job changes between the
two surveys.

Medical reasons
Compared with the rest of the men, those who
changed workplace or factory for medical reasons
were older in 1960, but, after adjustment for age,
did not have significantly lower FEV,s. Neverthe-
less, the decline of FEV, as well as of VC observed
over the 12-year period was significantly steeper; in
the subgroup of men who changed for respiratory
reasons, the mean FEVI slope exceeded 80 ml/a.

Other reasons
Compared with men who did not change jobs, those
who changed for reasons not related to health (137
changed workplace, 46 changed factory, and one
became unemployed) were younger in 1960 and
their FEV,s were higher, even after adjustment for
age, but their FEV, slopes were not significantly dif-
ferent, at least on the whole, without considering
occupational exposure.
We did not have information about occupational

exposure after job change: nevertheless, men ini-
tially heavily exposed were probably less exposed on
average after the change than before, whereas the
exposure of the men not or slightly exposed did not
change or even increased a little. Thus, considering
separately men who initially were not or were
slightly exposed to dust, FEV, slopes were not dif-
ferent between those who changed and those who
did not (43 ml/a v 41 ml/a). By contrast, for notice-
ably exposed men, there was an important differ-
ence (42 mi/a v 56 mil/a; p<0O01). ASLA FEV,
slopes became 45 ml/a v 53 mi/a (p=0-13). ASLA
VC slopes were respectively 34 mi/a v 44 ml/a
(p=0-03). The difference was not significant for the
FEV, slope, but, as shown in discussion, the test
used here was not the most powerful, and the trend
is clear. These results show that FEV, loss and VC
loss for the men who are believed to have reduced
their occupational exposure was lower than the loss
for those whose exposure continued unchanged; this
is another argument in favour of the causal role of
this exposure. The 18 manual workers initially most
exposed (noticeable dust degree 3) were particularly
striking in this respect: the 11 who changed their
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Table 9 Spirometric changes according to job changes and occupational exposure (manual workers only)

Job changes Significance
No Yes

Medical reasons

No Yes
(0) (1) (2) (O + 1) - (2) (0) - (1)

All
No 221 184 49 9]
Age 42 39 43 42] **
FEV, in 1960 adjusted for age (1) 3 55 3*67 3-42 3-12] *
FEV slope (mi/a 47 43 64 831VC sAope (ml/a) 42 34 63 92 *** *
No exposure to noticeable dust
(excluding men exposed to heat)
No 136 105 22
FEV,/H3 (cl/m3) 69 72 63 ** *
FEV slope (mi/a) 42 43 53
ASLXt FEV slope (ml/a) 42 45 47
VC/H3 (ci/m3S 93 95 90
VC slope (ml/a) 41 36 46
ASLAt VC slope (ml/a) 41 38 43
Noticeable exposure to dust
No 73 74 26
FEVI/H3 (ci/m3) 67 71 66 **
FEV slope (mi/a) 55 42 74 *** **
ASLAt FEV slope (mi/a) 53 45 69 ** p = 0-13
VC/H3 (ci/m3 ~ 93 95 90
VC slope (mi/a) 45 32 77 *** **
ASLAt VC slope (mi/a) 44 34 85 *

op - 0-10, *p G 0-05, **p 0-01, ***p - 0-001.
Respiratory illnesses.

ee footnote table 1.

work had in 1960 a FEV, lower on average than the
seven who did not change (3.45 1 v 3.481) but higher in
1972 (2.97 1 v 2-91 1). Such an analysis was not
possible for risks other than dust because the
number of men was too small.

Figure 3 presents FEV, and VC slopes for each of
the three groups (no job change, changes for medi-
cal reasons, and changes for other reasons) accord-
ing to exposure to dust and FEV, and VC levels
during the study. Among the men originally
exposed, those who changed for medical reasons*
had a significantly steeper FEV, slope than those in
the other two groups, although they withdrew from
exposure. It seems likely that their FEV,s were so
degraded that the effect of withdrawal from risk dur-
ing the period had only a minor effect.

Discussion

Whereas most studies question the influence of
exposure to dust, with the exception of vegetable
dust'5 on chronic airflow obstruction, our follow-up
study clearly showed that mineral as well as veget-

*The three men who changed because of recognised silicosis had
FEV,s in 1960 of 3-76 1, 4.47 1, and 3-35 1 at ages 38, 43, and 35
years, which decreased during the period 1960-72 by 63 mi/a, 177
ml/a, and 229 mi/a, whereas their job changes took place respec-
tively in 1964, 1964, and 1971.

able dust were risk factors for CAO. It showed that
exposure to heat was associated with a steeper FEV,
slope and suggested that exposure to gases when
combined with exposure to dust or heat or both
might accelerate FEV, loss. Furthermore, low occu-
pational status and specific factory appeared, inde-
pendent of occcupational exposure, as risk factors
for CAO.
Concerning dust, the causal hypothesis of this risk

factor in the development of CAO is supported by
the three following results:

(a) Men exposed to dust had a steeper FEV, slope
than those not exposed even in the absence of
exposure to silica.

(b) The slope increased with the intensity of
exposure.

(c) A decrease of this slope was observed among
heavily exposed men who changed their jobs (thus
less exposed in a certain proportion to risk). This
suggests also that the acceleration of FEV, loss due
to exposure to dust is, at least partially, reversible.
Numerous cross-sectional surveys have studied

the role of dust, many of them being comparisons of
miners with workers in a non-dusty atmosphere.
Most of these studies did not show significant differ-
ences in ventilatory variables, but, as underlined by
Gilson,6 there was in nearly all of the studies a strik-
ing uniformity of pattern-exposed subjects had
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Fig 3 FEVJ and VC slopes versus FEV,/H3 and VC/H3
levels according to occupational exposure and job changes
(manual workers). -0 No job change. - --- - 2 Change
for medical reasons. -- I Change for other reasons.

lower values than controls.
The smallness of the differences observed by

others in cross-sectional surveys may be explained
by the fact that all negative studies were conducted
among working subjects. This type of study provides
clear information on exposure, but, although often
considered by different authors, the magnitude of
the problem of the selection of the subjects working
in an exposed workplace ("healthy worker effect")
has been underestimated. We also found in our

cross-sectional survey in 1960,3 when all the men
were working, that no relationship was shown be-
tween exposure and FEV,. Thus Higgins and Old-
ham7 in a study conducted among working miners
were not able to show a relationship between ven-
tilatory function and duration of work at coalface
(another possible quantification of occupational
exposure). Lowe and Khosla,8 however, studying
ex-miners, showed a strong relationship between the
level of FEV,/VC and the duration of work in the
mines. The study of Rogan et a19 who showed a
highly significant dose-related effect between age-
adjusted cumulative dust exposure (intensity x
duration) and FEV, was conducted at one and the
same time on present and former coalface workers.
From the results of our follow-up study, it appeared
that the FEV, was higher in the exposed group aged
around 35 and decreased with a steeper slope to
reach lower values at the age of retirement.

Only one study'0 was conducted on a general popu-
lation. The subjects were interviewed on the risks to
which they had been exposed, but only certain risks
could be studied because of the few subjects
exposed to the other risks. It appeared that a lower
FEV, was related, independent of smoking, to work-
ing with silica, fibreglass, asbestos, smoke, and saw-
dust. Such a study avoids the problem of healthy
worker effect, but diseased subjects are perhaps
more likely to report occupational exposure. Such a
possible bias does not seem to explain the results
of this study since subjects reporting respiratory
illnesses in childhood worked significantly less
often at exposed jobs. This is an aspect of the selec-
tion problem.
Other authors'-9 think that the absence of a

relationship between symptoms of chronic bron-
chitis and exposure to dust casts doubt on the valid-
ity of the trends observed for ventilatory variables.
In the Co-operative German Study" data were
mainly analysed using a model combining
classification of four "clinical types" (symptoms
assessed by the BMRC/ECSC questionnaire and
findings from auscultation) and four functional types
of obstructive disorders (function tests and PaO2
measurements). Chronic bronchitis, however, is no
longer considered to be the first stage of chronic
airflow obstruction, but is thought to be a parallel
disease with common risk factors.25 Morgan,4
although considering this notion of two parallel dis-
eases, suggested that CAO due to dust, in contrast
with that due to smoking, begins in the large air-
ways. The situation may indeed be different for
tobacco smoke and dust, for industrial dust, unlike
tobacco smoke, is not composed only of respirable
particulates easily reaching the small airways but
also of a non-respirable fraction, which could
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theoretically initiate lesions only in the large air-
ways. No study recorded respirable and non-
respirable particles separately, although such a study
might provide revealing differences in the respective
natural histories of pneumoconiosis, emphysema,
and diseases of the small and large airways.
Few follow-up studies have been conducted on

this topic. To our knowledge, except for studies on
miners, there have been only four follow-up studies
on the role of industrial dust. Casula et al'5 in a
follow-up study over three years came to no conclu-
sion but there were only 72 subjects, and the authors
may have introduced a bias by analysing only sub-
jects with "coherent" answers to the two question-
naires. Brinkman et al'6 over 11 years did not find
any effect of dust, but only 33% of those not known
to be dead were re-examined in the second survey,
and it seems that they were mainly the men still at
work at the end of the period-that is, with the same
selection problem that bedevils cross-sectional sur-
veys. By contrast, Jedrychowski'7 in a follow-up
study conducted over five years showed a
significantly steeper decrease of FEV1 among sub-
jects exposed to dust than in controls, more clearly
in smokers, but there were few non-smokers. Simi-
larly, Pham et all8 in a follow-up study over five
years showed significant differences in the evolution
of FEV,, FEVI/VC, residual volume/total capacity,
and fractional uptake of CO between heavily
exposed founders and non-exposed men. The
phenomenon of selection was clearly shown in their
study: the exposed men had, in the first survey,
higher spirographic values than the non-exposed.
Active workers in the factory of origin as well as
those who left were re-examined in this study.

Several aspects of the methods we used allowed us
to obtain our results. The study was longitudinal,
and after a long period (12 years) a search was made
for all the men, including those not at the same
workplace at the time of the second survey as well as
those who were. The study of the workplace was
done independently of the subjects and before the
measurements of FEV, slope. Nevertheless, we
regret that no really quantative measurement was
made of occupational exposure and that changes in
exposure during the period were not recorded.
One of the arguments supporting the causal

character of exposure to dust in the development of
CAO was based on the demonstration of the effect
of change of work, which indirectly indicates
changes in exposure. Being able to take into account
the possible initial selection of the subjects and the
study ofchanges in risk factors are two major advan-
tages of follow-up compared with cross-sectional
studies. To our knowledge, such data have never
been analysed in the field of occupational exposure:

Kauffinann, Drouet, Lellouch, Brille

the problem is quite complex and has been
approached only in part.'920 The problem is to test
on longitudinal data whether the FEV, slopes before
and after change in risk factor are different, taking
into account two elements-firstly, the correlation
existing between level and slope (described by
Fletcher et al'2 as analogous to a horse racing effect)
and, secondly, the fact that subjects who have a
decrease in the risk factor under study are not com-
parable with the others. On this last point, the prob-
lems of smoking and occupational exposure differ:
whereas subjects who quit smoking had, before
stopping, a lower FEV, than other smokers,2'
heavily exposed men who changed workplace had a
higher initial FEV, than the others (table 9). The
adjustment made here on FEV /H3 level reached
during the study was intended to correct for the dis-
parity between the two groups (with and without
the change): to eliminate the phenomenon of
regression toward the mean, the mean level over the
period was used. It was calculated assuming a linear
FEV, decrease between the two surveys, when we
really want to show there is a "break" for the group
with change; thus the method used was not the most
powerful, but despite this the differences observed
were still significant for VC slope.

It is not possible from our study to incriminate
specific dust components. Indeed, except for silica,
we were not able to identify another type of mineral
dust as noxious. Exposure to grain dust appeared to
be related to particularly steep slopes, which
explains why this risk factor was found, as was silica,
in cross-sectional surveys.22 A recent symposium22
devoted to this subject raised the question of
whether the responsible constituent(s) were organic
or inorganic.

Concerning gases, vapours, and aerosols, differ-
ences were observed between those exposed and
non-exposed for gases in general, and for oil of tur-
pentine and non-halogenated hydrocarbons. Taking
into account other risks, results suggest that a high
level of exposure to gases had a deleterious effect
when associated with exposure to noticeable dust or
to heat or to both. Experimental studies suggest that
particulate aerosols are more biologically reactive
than gases alone, as it has been shown for S0223 and
that heat could increase the diffusion of aerosols.24
Our results support such hypotheses. A few men
were exposed to each risk, and it was not possible to
study each gas exposure according to the presence of
dust. There have been toxicological studies of the
effects of chemical products, but few studies of the
chronic effects of gases on the respiratory tract, and
we know of none on the effects of oil of turpentine.
Results on non-halogenated hydrocarbons may be
compared with the results of Lebowitz'° on solvents
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in general. A clear trend was observed regarding the
influence of heat on FEV, decline. Musk et a125 in a
follow-up study over three years among active
firemen did not show a relationship between
decreases of ventilatory function and the number of
fires, but their data suggest that the most heavily
exposed subjects were a self-selected group: the
men with the greatest exposure had on average the
highest FEV, levels, and the analysis of FEV, slope
did not take this into account. Sartorelli et al26 in a
cross-sectional survey among heavily exposed pyrite
miners, concluded that lower lung function was
partly attributable to a hot humid microclimate
with pronounced thermal gradients. Our results may
also be compared with those of Fine eta127 who
showed a steeper FEV, decrease over one year
among rubber-curing workers exposed simultane-
ously to dust and gases in a heated atmosphere.

In addition to the occupational risk factors, two
socio-occupational factors appeared to be related to
FEV, decline: low occupational status and factory.
Low occupational status appeared as a risk factor,
independent of occupational exposure. In contrast
to Higgins's results28 differences in smoking habits
between social classes did not explain the differ-
ences observed. Our results agree with those of
Cohen et a129 who showed a relationship between a
decreased FEV, and area of residence, interpreted
as a social class indicator, and with those of Hig-
gins,30 where it appeared that the wives of miners had
lower FEV,s which, in the absence of occupational
exposure, may be interpreted as an economic or cul-
tural factor.
The factory appeared in this study as a risk factor

in its own right, independent of our estimates of
occupational exposure and of socio-occupational
class. Probably an inaccurate assessment of risk par-
tially explains the difference observed; our indices
of risk pooled various exposures because of the
extreme diversity among the products used in the 11
factories studied. Moreover, data were collected at
one moment with no real quantitative measure-
ments. Additional data on physical and mental
effort and on the psychosociological conditions of
the work place might have permitted better evalua-
tion of this factor.3' The differences we showed be-
tween factories underline the problems raised by
those studies in which comparisons between
exposed and non-exposed subjects are made in only
two exposure-contrasted factories.

In conclusion, further studies of the role of occu-
pational exposures in the development of CAO are
clearly needed. I would be desirable (1) to measure
the real exposure in the work place directly, and to
do physicochemical analyses of mineral and grain
dust and (2) to avoid the problem of selection either

by follow-up studies, where the same subjects are
examined twice, or possibly by recording ventilatory
measurements only once, but relating these to
previous-for example, 10 years before the study-
rather than to present exposure. Perhaps some of
the biases inherent in the collection of such retro-
spective data on work conditions can be eliminated
by using the factory's own documents.
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